Dynamical instability produces transform faults at midocean ridges
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Methods
The employed numerical code I3ELVIS (1) combines conservative finite differences on a fully staggered grid and marker-in-cell techniques with multigrid solver and allows for large viscosity contrasts and strong localization of visco-plastic deformation (2) . The Eulerian computational domain is equivalent to 98x98x34 km ( Fig. S1 ) and is resolved with a regular rectangular grid of 197x197x69 nodes and contains 21 millions randomly distributed Lagrangian markers (models up to 196x196x34 km were also explored, see Table S1 ). The momentum, mass and heat conservation equations are solved on the non-deforming Eulerian grid whereas the advection of transport properties including viscosity, plastic strain, temperature etc. is performed with the moving Lagrangian The thermal structure of the initial plate setup is computed according to the cooling of a semi-infinite, half-space (3):
where T 0 = 273 K C and T 1 = 1573 K is the surface and asthenospheric mantle temperature, respectively; κ is thermal diffusivity (10 -6 m 2 s -1 ), τ is the age in seconds of the plates and η is the dimensionless similarity variable as the function of depth d in meters below the plate surface. In order to insure an efficient heat transfer from the upper surface of the plate, thermal conductivity of the sea water layer above this plate ( Brittle/plastic rheology of the plates assumes fracture-related strain weakening (4, 5, 7) and is implemented by using plate strength limitation in form ( ) ε is plastic strain rate tensor, C γ is the plate strength at P-P f =0 (for both confined and tensile fracture) that depends on the plastic strain γ (C 0 and C 1 are the initial and final strength values for the fracture-related weakening, respectively). The stress limitation for tensile fracture is formulated from a theoretical criterion (8) for tensile failure of a fluid-filled crack. This criterion is based on Griffith's theory (9) and has been verified experimentally (10) . Strain weakening assumed in the model is similar to those in previous numerical studies of mid-ocean ridges (4, 5) . It is related, in particular, to water and melt percolation along fault zones and their intense serpentinization that strongly decreases strength of fractured fault rocks (7, 11, 12) .
Influences of an oceanic crust growth by melt extraction and deposition that affects ridge geometry and topography (4, 13, 14) was tested in a few experiments. The crustal growth algorithm (15) includes dry partial melting of the mantle and instantaneous melt extraction and transport producing crust deposition on the surface.
The standard (i.e. without melt extraction) volumetric degree of mantle melting M 0 changes with pressure and temperature as,
where T solidus = 1394+0.132899P-0.000005104P 2 and T liquidus = 2073 + 0.114P are, respectively, solidus and liquidus temperature (K) of the mantle (16, 17) at a given pressure P (MPa). Markers tracked the amount of melt extracted during the evolution of each experiment. The total amount of melt, M, for every marker takes into account the amount of previously extracted melt and is calculated as
where Σ n M ext is the total melt fraction extracted during the previous n extraction episodes. The rock is considered non-molten (refractory) when the extracted melt fraction is bigger than the standard one (i.e. when Σ n M ext > M 0 ). If the total amount of melt M for a given marker is > 0, the melt fraction M ext = M is extracted and Σ n M ext is updated. The extracted melt fraction M ext is assumed to propagate upward to the surface much faster than the plates deform (18) . Hence, the instantaneous transmission of extracted melt to the growing crust is reasonable. At every time step, extracted melts are added on the plate surface and build up new non-fractured portions of the oceanic crust.
This simple instantaneous melt extraction-deposition model does not discriminates between volcanic and plutonic (e.g. dyking) crust additions nor does it account for compaction and lateral transport of the melts in the mantle (4, 18, 19) . Table S1 Figure S3. Development of ridge jumps and inactive fracture zones in the numerical experiment with increasing spreading rate (Model dahzg in Table S1 ). Table S1 , initial ridge inclination to z-axis is 11 o ). Magmatic growth of the crust is not modeled. Note close parallel transform faults with the narrow intra-transform spreading center. o wet curved ridge, orthogonal transform faults, intratransform spreading * temperature-dependent thermal conductivity 0.73+1293/(T K +77) (23) ** initial plate divergence velocity of 3.8 cm/yr was gradually increased to 7.6 cm/yr during the specified time period and then remained constant *** no gravity in this model, pressure in the water layer is set to 50 MPa. $ magmatic growth of the oceanic crust is included to the model. & lowered plastic strength of the oceanic crust (C 0 =C 1 =3 MPa)
